Abstract. With the aim to find protein sources that are free of genetically modified organisms, the effects of legume grainbased concentrates, used as alternatives of a mixed concentrate feed containing soybean, were evaluated on sheep milk production. Twelve lactating ewes were divided into four groups, fed hay and, according to a 4 · 4 Latin square design, supplied with 800 g/day of a commercial mixed concentrate feed (MCF) containing maize and soybean, or the same amount of isoprotein concentrates consisting of chickpea (CH), faba bean (FB), or pea (PE) mixed with barley. The ewes ingested more of the concentrates with legume grains than the MCF (702, 702, 678 vs 587 g/day DM for CH, FB, PE and MCF; P 0.001). Compared with CH, FB and PE resulted in greater (P 0.05) milk yield (710, 718 vs 654 g/day for FB, PE and CH, respectively), and led to a greater (P 0.05) efficiency of dietary protein utilisation for milk casein synthesis (94, 97 vs 87 g casein/kg crude protein intake for FB, PE and CH, respectively), whereas MCF resulted in intermediate levels of milk yield (677 g/day) and milk casein/crude protein intake (88 g/kg). Chickpea increased the milk content of trans-vaccenic and rumenic acids in comparison with FB and PE and, similarly to MCF, increased the milk content of linoleic acid, as well as total unsaturated fatty acids (24.3, 23.9 vs 17.2, 16.8 g/100 g fatty acid methyl esters for MCF, CH, FB and PE; P 0.001), thereby improving the potential health-promoting index. Legume grains can replace soybean in diets of dairy ewes, as they do not adversely affect milk yield and composition.
Introduction
Soybean and maize are the most widely cultivated crops for animal feed. However, the European regulations on organic production (Council Regulation No. 834/2007; Commission Regulation No. 889/2008) prohibit the use of feeds in livestock farming that contain genetically modified organisms. Therefore, there has been a need for organic farmers to introduce alternative vegetable protein sources in the diet of animals, as in Europe it is difficult and costly to find soybean and maize that are not genetically modified (Nabradi and Popp 2011) . Moreover, in Italy, soybean and maize are often imported, and long and inadequate transport and storage conditions can promote the development of moulds that produce mycotoxins, such as aflatoxins, which are potent carcinogens that pose health risks to both animals and humans (Bryden 2012) .
In view of the need to replace soybean with alternative protein sources, particular interest has been placed on legume grains, linked to many factors: their high rate of diffusion, and consequently, their ready availability in several local contexts (Sinclair and Vadez 2012) , as well as in the Mediterranean areas; their suitability to different agronomic conditions (López-Bellido et al. 2005) and proper organic methods of cultivation (Badgley et al. 2007) ; the agronomic benefits in terms of soil fertility and structure due to the high levels of N and organic matter that they provide when included in crop rotations (Sinclair and Vadez 2012) ; the good nutritional value of their crop residues that can be directly exploited by grazing animals (Sinclair and Vadez 2012) ; the fact that they are not genetically modified; their low risk of mycotoxin contamination since they are less subjected to long distance transport or storage condition that could favour their development (Bryden 2012) ; the mostly present antinutritional compounds, such as lectins and protease inhibitors (trypsin and chymotrypsin inhibitors) (Dixon and Hosking 1992; Friedman 1996) , that seem to be inactivated by rumen fermentation, thus they do not impair nutrients utilisation for ruminants (Dixon and Hosking 1992; Holmes et al. 1993) ; and their high content in crude protein (CP) [>24% of total dry matter (DM)], starch, and, on occasions lipids (Dixon and Hosking 1992; Cutrignelli et al. 2011) , as in chickpea (~5% DM) . Thus, the use of legume grains would allow the safer production of milk and cheese for consumers, since the animals would ingest feeds that have a lower risk to be contaminated by dangerous mycotoxins. These benefits could lead to an increase in the production of legume crops on both organic and conventional farming systems, and could also promote a greater appreciation of relative livestock products.
Studies on the use of legume grains as alternative protein sources for sheep have largely been related to meat production (Vasta et al. 2008) , and have shown partial or total replacement of soybean with chickpea (Hadjipanayiotou 2002; Christodoulou et al. 2005) , faba bean (Lanza et al. 1999; Antongiovanni et al. 2002; Lanza et al. 2011) , and pea (Lanza et al. , 2011 Loe et al. 2004) . These protein sources have no adverse effects on lamb growth rate or on carcass and meat characteristics, and are able to increase the amount of omega-3 fatty acids (FA) in the intramuscular fat Lanza et al. 2011; Scerra et al. 2011) . When compared simultaneously, chickpea, faba bean, and pea were able to completely replace soybean concentrate, resulting in comparable growth rates, carcass characteristics, and meat quality of lambs slaughtered at 130 days of age (Bonanno et al. 2012) .
Few studies have focussed on the use of grains from different species of legumes in the feed of lactating ewes and goats, and their relative effects on the quality of dairy products (Vasta et al. 2008) . In general, the use of various legume seeds to replace soybean protein of the concentrate does not affect milk production of small ruminants, as demonstrated with chickpea (Christodoulou et al. 2005) , faba bean (Liponi et al. 2007; Ramos Morales et al. 2008) , and pea (Bonomi et al. 2003; Liponi et al. 2007; Renna et al. 2012) . In particular, there have been a very limited number of studies on the impact of legume seeds on the milk FA profile. In regard to sheep dairy products, Di Grigoli et al. (2009) found that a concentrate based on barley and tick bean that was supplied to grazing ewes resulted in higher milk yield than an isoenergetic and isoprotein concentrate based on maize and soybean, as well as in an enrichment of the lipid fractions of milk and cheese with a-linolenic acid (ALA) (C18:3 n-3 c9, c12, c15), and consequently, with total omega-3 FA. More recently, Renna et al. (2012) observed an increase of short-chain and saturated FA in milk from ewes receiving a concentrate based on pea and barley compared with a commercial concentrate containing sunflower meal and soybean seeds, with no significant differences in milk yield.
Among the few studies that have investigated the effects of different legume grains on sheep dairy production, no information has been published on the effect of chickpea on the milk FA profile, nor has there been a direct comparison of grains from more common legume species, especially those dominant in the Mediterranean environment. Therefore, the aim of this study was to evaluate the effects of feeding supplements based on different Mediterranean legume grains, such as chickpea, faba bean, or pea, on ewes' feed intake and milk yield and quality, including the FA profile. In addition, the potential advantage of using these alternative protein sources was verified by comparing the legume grain-based concentrates with a concentrate feed containing soybean.
Materials and methods

Animals and experimental design
This experiment was carried out over the course of 14 weeks (January-April 2010) on the Pietranera Experimental Farm (Fondazione Lima-Mancuso, Università degli Studi di Palermo), which is located in the province of Agrigento in Sicily, Italy (37 32 0 N, 13 31 0 E; 178 m above sea level). Twelve lactating ewes of the Comisana breed in their third or fourth lactation were homogeneously allocated into four groups based on parity, liveweight (56 AE 6 kg), body condition score (BCS) (2.87 AE 0.18) assessed according to Russel et al. (1969) , days in milk (92 AE 9), and milk yield (875 AE 60 g/day). During the experiment, the ewes were housed in individual wheat straw-bedded pens (4 m 2 ), placed inside a semi-open shelter.
After a 2-week adaptation period to the experimental conditions, each group of ewes was fed in sequence with one of four diets, according to a 4 · 4 Latin-square design with periods comprised of 21 days, 16 days for adaptation to the diets and 5 days for measuring and sampling. With regard to the experimental diets, in each period, the ewes of each group were fed ad libitum with hay of berseem clover and spontaneous grasses, mainly Lolium spp. and Phalaris spp., plus 800 g/day divided into two meals of one of the following isoprotein concentrates obtained by mixing different proportions of chickpea (Cicer arietinum L.), faba bean (Vicia faba var. minor L.), or pea (Pisum sativum L.) with barley in the form of coarsely ground meal: 500 g chickpea and 300 g barley; 450 g faba bean and 350 g barley; 550 g pea and 250 g barley. The three legume grain-based concentrates were compared with a commercial mixed concentrate feed (MCF) containing maize and soybean, with the same CP content.
Measurements, sampling, and analyses
At the beginning and end of each experimental period, the ewes were weighed and the BCS was checked (Russel et al. 1969) .
Feed
During the last 5 days of each experimental period, the offered and refused hay and concentrate of each ewe were weighed daily and sampled once to estimate the amount and quality of feed intake. The samples of hay and concentrates were analysed for determination of DM, CP (N · 6.25), ether extract (EE), ash (AOAC 2000) , and structural carbohydrates, such as neutral detergent fibre (NDF), acid detergent fibre (ADF), and acid detergent lignin (ADL) (Van Soest et al. 1991) . Non-fibre carbohydrates (NFC) content was calculated as follows: NFC = 100 -(%NDF + %CP + %EE + %ash). Energy content, expressed in Mcal of net energy for lactation (NE L ), was estimated using equations from the National Research Council (2001) based on digestibility and ADF content.
The FA composition of lyophilised feed samples (50 mg) was determined using the one-step extraction and transesterification procedure according to Sukhija and Palmquist (1988) , with C19:0 as the internal standard (Sigma-Aldrich, Milano, Italy). Identification of feed FA was performed using the same procedure described below for milk FA.
Milk
During the last 5 days of each experimental period, individual milk yield was recorded daily, in the morning (7:00 a.m.) and evening milking (4:00 p.m.), and sampled three times, on Days 17, 19, and 21. Daily individual milk samples were composed by unifying amounts of morning and evening milk in proportion to respective yields. Individual milk samples were analysed for lactose, fat, protein, casein, and somatic cell count (SCC) using the infrared method (Combi-Foss 6000, Foss Electric, Hillerød, Denmark). Total bacterial count (TBC) was determined using the BactoScan instrument (Foss Electric), pH was determined using the HI 9025 pH-meter (Hanna Instruments, Ann Arbor, MI, USA), titratable acidity was evaluated using the Soxhlet-Henkel method ( SH/50 mL), and urea levels were analysed by the enzymatic method using differences in pH (CL-10 Plus, Eurochem, Roma, Italy). Fat and protein-corrected milk with 6.5% fat and 5.8% protein was calculated as follows: fat and protein-corrected milk g/day = milk kg · (0.25 + %fat + %protein) (Pulina and Nudda 2002) . Individual milk samples were also evaluated for their clotting ability by measuring coagulation time (r, min), curd firming time (k 20 , min), and curd firmness after 30 min (a 30 , mm), according to Zannoni and Annibaldi (1981) , in 10 mL of milk at 35 C with 0.2 mL diluted solution (1.6 : 100) of rennet (1 : 15 000; Chr. Hansen, Parma, Italy), using the Formagraph (Foss Electric).
Milk FA were determined from the daily individual milk samples collected at the end of each experimental period, on Day 21. FA in lyophilised milk samples (100 mg) were directly methylated with 1 mL hexan and 2 mL 0.5 M NaOCH 3 at 50 C for 15 min, followed by 1 mL 5% HCl in methanol at 50 C for 15 min (Loor et al. 2002) . FA methyl esters (FAME) were recovered in hexane (1.5 mL). One microlitre of each sample was injected by an autosampler into an HP 6890 gas chromatography system equipped with a flame-ionisation detector (Agilent Technologies, Santa Clara, CA, USA). FAME from all samples were separated using a 100-m length, 0.25-mm i.d., and 0.25-mm-film-thickness capillary column (CP-Sil 88, Chrompack, Middelburg, The Netherlands). The injector temperature was kept at 255 C, and the detector temperature was kept at 250 C, with an H 2 flow of 40 mL/ min, an air flow of 400 mL/min, and a constant He flow of 45 mL/min. The initial oven temperature was held at 70 C for 1 min, increased 5 C/min to 100 C, held for 2 min, increased 10 C/min to 175 C, held for 40 min, and finally increased 5 C/min to a final temperature of 225 C, and held for 45 min. Helium, with a head pressure of 23 psi and a flow rate of 0.7 mL/min (linear velocity of 14 cm/s), was used as the carrier gas. A FAME hexane mix solution (Nu-Check-Prep, Elysian, MN, USA) was used to identify each FA. Individuals C15:0 iso, C15:0 anteiso, C17:0 iso and C17:0 anteiso (Larodan Fine Chemicals AB, Malmö, Sweden) were used to identify these FA. A standard mixture of methyl esters of C18:2 c9, t11 and C18:2 c10, t12 (Sigma-Aldrich) and published isomeric profile (Kramer et al. 2004; Luna et al. 2005) were used to help in identifying the conjugated linoleic acid (CLA) isomers. The health-promoting index was calculated according to Chen et al. (2004) : total unsaturated FA/[C12:0 + (4 · C14:0) + C16:0].
Statistical analyses
Statistical analysis was carried out using the MIXED procedure in SAS (2010) 9.2 software. In the mixed model used for the data of ewes' liveweight and BCS and milk FA composition, the experimental period (four levels) and type of concentrate (four levels) were fixed factors, and the ewe was considered a random factor and used as error term. For data of ewes' feed intake and milk production, the effects of experimental period, day within experimental period (five or three levels) and type of concentrate were tested by means of a repeatedmeasures mixed model, with the experimental day being used as the repeated-measures unit, and the ewe being the repeated subject treated as a random factor. Before analysis, SCC and TBC values were transformed into logarithmic form (log 10 ). When a statistically significant effect (P 0.05) of the type of concentrate was detected, means were compared using P-values adjusted according to Tukey-Kramer multiple comparisons test. A P-value equal or less than 0.05 has been used to indicate statistically significant differences among means in the tables.
Results and discussion
Feed composition and intake
The chemical and FA composition of the dietary components and experimental concentrates are shown in Table 1 . The legume grains, especially the faba bean, had a high protein content, whereas the chickpea were less fibrous and higher in ether extract than the other protein sources. Since legume grainbased concentrates were formulated to obtain a similar protein content between them and MCF, equal to 23% DM, the amount of barley was different among the mixtures (37.1%, 44.4%, and 31.8% DM for chickpea, faba bean, and pea concentrate, respectively), and was highest in the faba bean concentrate, since the faba bean had the highest protein content.
The concentrate mixtures showed differences in fibre content, expressed as NDF, which was lowest in the chickpea mix. They also showed differences in lipid level, which was high in the chickpea mix and even higher in MCF.
With regard to FA composition (Table 1) , linoleic acid (LA) (C18:2 n-6 c9, c12) was the predominant FA in each of the used legume grains, making up nearly 50% of total FA, followed by oleic acid (C18:1 c9) (OA), as also reported by other authors Lanza et al. 2011; Renna et al. 2012) . However, as a result of the lipid content of chickpea, higher than that of faba bean and pea, the chickpea-based concentrate provided higher amounts of LA and OA, as well as total polyunsaturated FA (PUFA) and unsaturated FA than the other legume grain-based concentrates, approaching those of MCF, which showed the highest lipid percentage. Table 2 provides the daily DM and nutrient intake for concentrate, hay, and total diet. The voluntary intake of concentrates, expressed on an as-fed basis, indicated that alternative legume grain mixtures were not always completely consumed by ewes, with the exception of the concentrate with faba bean. However, the levels of DM intake of the three legume grains mixtures were higher than that of the MCF and, as a consequence, their percentages in the diet were higher by~5% than that of the MCF (24.8% DM), suggesting a good acceptance of concentrates with legume grains for the lactating ewes.
Due to the lower DM intake, the amount of ingested protein from MCF tended to be lower than that of the experimental concentrates. Moreover, more intake of lignin and less of NFC and NE L were also recorded with MCF. The concentrate with chickpea provided less fibre (NDF) but, similar to the MCF, more lipids.
Despite the differences in concentrate ingestion, the DM intake with diet (concentrate plus hay) did not significantly differ among the groups, since the ewes who received MCF were able to compensate by ingesting a greater amount of hay. Accordingly, the ewes given MCF had similar total protein intake compared with the other groups, and ingested a higher total amount of fibre (NDF), even though at a non-significant level in comparison with ewes receiving faba bean, balanced with a lower NFC intake. On the whole, NE L intake of ewes fed MCF was slightly lower only in comparison with ewes fed faba bean.
Mainly as a result of the concentrates supply, the ewes receiving MCF showed the highest total intake of lipid, as wells as LA, OA, total PUFA and unsaturated FA, closely followed by the ewes fed chickpea.
Liveweight and BCS variation
Regardless of concentrate, the ewes showed an increase in liveweight (P 0.01) and an improvement in BCS (P 0.01) from the start to the end of each experimental period, but these variations were not significantly different among the groups (Table 3) . However, this improvement was more limited in the ewes fed chickpea, which showed a low weight gain of only 0.5%, and a negligible increase in BCS. Thus, the final BCS of ewes fed chickpea was lower than that of ewes fed faba bean.
Milk yield and properties
The individual average milk yield was higher with faba bean and pea concentrates than with chickpea, whereas MCF resulted in an intermediate level of milk production (Table 3) . In this regard, Di Grigoli et al. (2009) observed higher milk yield from grazing ewes fed a diet supplemented with barley and thick bean than one with maize and soybean, whereas pea was able to replace total soybean in the concentrate for dairy cows reared on both organic (Di Grigoli et al. 2008 ) and conventional farms (Tufarelli et al. 2012) , resulting in comparable milk yield, quality, and cheese-making properties. Moreover, a pea-barley mix given to lactating ewes led to a milk yield comparable to that obtained with a mixed concentrate based on sunflower meal and soybean seeds (Renna et al. 2012) .
In dairy sheep, Christodoulou et al. (2005) found that replacing soybean meal with chickpea in the diet did not influence milk yield or composition. Analogous results have been obtained in the present study where, giving a daily amount of chickpeas, which was almost double than that used by Christodoulou et al. (2005) , the milk yield was not different than that of ewes fed with MCF. Nevertheless, in the present study, the ewes receiving the chickpea concentrate showed a lower milk yield in comparison with the ewes fed with the other legume grains. However, these differences in production were not significant with regard to fat-and protein-corrected milk. The correction of milk yield on the basis of fat and protein percentage, which are the components that affect cheese yield, is particularly relevant for sheep milk that is entirely destined for cheesemaking. The similarity of corrected milk yield among groups receiving legume grains is certainly due to the higher lipid content found in the milk of ewes fed chickpea, although at a significant level only in comparison with ewes fed faba bean, and presumably due to the concentration effect linked to a lower milk yield, rather than a direct effect of lipid intake. The protein, casein, and urea contents of the milk (Table 3) showed no changes due to the protein source in the concentrate, whereas the ratio of casein N to total N improved with chickpea in comparison with the other legume grains. There were no significant differences among the groups with regard to SCC, TBC, or milk clotting ability (r, k 20 , and a 30 ) (Table 3) . However, it is worth noting that in all diets, milk urea levels were within normal limits for dairy ewes (Cannas et al. 1998) , and the milk clotting parameters were close to those recorded for sheep milk (Bencini 2002) .
In regard to the efficiency of dietary protein utilisation for milk protein or casein synthesis (Table 3) , significantly higher values were obtained in ewes fed concentrates with faba bean and pea than in ewes receiving chickpea, whereas the differences did not reach a significant level with the MCF diet. Since the protein intake was the same, the improved utilisation of dietary N from faba bean and pea diets was probably due to the content of highly degradable NFC of these legume grains, favouring the balance between dietary energy and N in the synthesis of microbial protein in the rumen (Dewhurst et al. 2000) .
Milk fatty acid composition
Milk FA composition varied according to protein source (Tables 4, 5) . Compared with milk from faba bean and pea, those from chickpea concentrate and MCF were lower in most short-and linear medium-chain FA (from C9:0 to C17:0) (Table 4) , which are entirely (linear even-chain FA from C6:0 to C14:0) o partly (linear odd-chain FA and C16:0) synthesised de novo within the mammary gland. Whereas the even-chain saturated FA (SFA) from C6:0 to C10:0 are of interest for human health, being used in the treatment of metabolic illness (Sanz Sampelayo et al. 2007) , those from C12:0 to C16:0 are known for their hypercholesterolaemic effect, by increasing low density lipoprotein cholesterol (Ohlsson 2010) .
With regard to the branched-chain FA (Table 4) , the chickpea milk, compared with that from MCF, showed a lower content of C14:0 iso, tended to have a lower content of the C17:0 iso and, as a consequence, had a lower level of total iso branched-chain FA. However, in the present study, C15:0 iso and C16:0 iso, for which a certain anti-cancer activity is recognised (Parodi 2009 ), did not differ among groups. Among the main linear oddchain FA, C15:0 was the lowest in chickpea milk, and C17:0 was lower in chickpea and MCF milk than in milk from the other diets. Both milk branched-and odd-chain FA are mainly derived from the biosynthesis of bacteria leaving the rumen, and thus reflect the changes in the rumen bacteria populations and are markers of the correspondent fermentation activity (Vlaeminck et al. 2006) .
With regard to long-chain FA (Table 5) , milk from the faba bean and pea groups showed lower stearic acid (C18:0), OA, and LA, as well as lower rumenic acid (RA) (C18:2 c9 t11), and its precursor, trans-vaccenic acid (VA) (C18:1 t11) . The RA represents the most abundant among CLA isomers, and has been proposed as having anti-cancer and anti-atherogenic effects (Parodi 2009; Bauman and Lock 2010) . Compared with MCF milk, the chickpea milk was higher in stearic acid and OA, but lower in VA and RA. The protein source did not lead to differences in long chain omega-3 FA (Table 5) , such as eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA), or total omega-3 FA, whereas the ALA content tended to be highest in MCF milk, in line with the level of ALA in the MCF (Table 1) . These results contradict other authors who observed, on lamb meat, positive effects of a pea diet in increasing the level of omega-3 FA (Lanza et al. 2011; Scerra et al. 2011) , and an increase in DPA with a chickpea diet , whereas they are in accordance with Bonanno et al. (2012) who did not find differences in omega-3 FA when compared meat fat from lambs fed diets based on chickpea, faba bean, pea or soybean. These discrepancies could be related to the different unsaturated FA composition of the control diet fed to lambs in those experiments. With regard to the level of omega-6 FA and ratio of omega-6 to omega-3 FA, in the present study they were lower in milk from faba bean and pea. With all concentrates, the omega-6 to omega-3 ratio was lower and more favourable than the level ( 5) recommended by FAO/WHO (1994) .
Moreover, similar to milk from MCF, chickpea milk was higher in monounsaturated and total unsaturated FA, and was lower in SFA, as well as in the ratio of SFA to unsaturated and PUFA, whereas PUFA were highest in milk from MCF, followed by milk from chickpea, and then that from the other two groups.
On the whole, chickpea concentrate and MCF contributed to improvements in the health-promoting index, which assigns a health value to milk fat.
The mammary D-9 desaturase activity was estimated by calculation of different D-9 desaturase ratios (DR) of the desaturase products to the sum of precursors and products (Table 5 ). The DR of C16:0 was highest in MCF milk, the DR of C18:0 and VA were lower in chickpea and MCF milk, whereas the DR of C14:0 did not differ among groups.
Based on these results, the comparison of the faba bean and pea concentrates with the MCF was in accordance with data of Renna et al. (2012) who demonstrated a higher amount of SFA and lower levels of VA and CLA in pea concentrate than in commercial concentrate containing sunflower meal and soybean seeds.
Instead, the chickpea concentrate led to several differences in the milk FA profile compared with faba bean and pea, similar to the FA composition of milk from MCF.
Although LA was the predominant FA in each of the concentrates used in the present study (Table 1) , followed by OA, the MCF and chickpea-based concentrates provided higher amounts of LA and OA than the other concentrates, due to their higher lipid content. As a consequence, the LA and OA intakes for ewes fed MCF and chickpea diets were markedly higher than those for ewes fed faba bean and pea diets (Table 2) .
These higher LA and OA intakes with chickpea and MCF diets can be responsible of the lower milk content in short-and medium-chain SFA, since the unsaturated FA are recognised (Chilliard and Ferlay 2004) . Also the changes in odd-chain FA with the chickpea diet can be linked to the higher LA and OA intakes. Since the linear odd-chain FA (C15:0 and C17:0) can be partly synthesised de novo in the mammary gland (Vlaeminck et al. 2006) , their reduction in chickpea and MCF milk could be related to the effect of the higher level in unsaturated FA of chickpea and MCF concentrates in inhibiting the mammary gland synthesis, as previously mentioned. With regards to the iso branched-chain FA, in general, they are contained in a large amount in the cellulolytic bacteria in the rumen, and for this reason are favoured by a higher incidence of forage or fibre in the diet whereas, on the contrary, decrease with lipid-supplemented diets providing long-chain unsaturated FA (Vlaeminck et al. 2006) . Since MCF diet was higher in lipids and long-chain FA than chickpea concentrate, the increase of milk iso branched-chain FA with MCF diet in comparison with chickpea diet could be linked to the effect of the higher NDF (Table 2) in favouring the growth of cellulolytic bacteria in the rumen. The higher LA and OA percentages in milk from ewes fed chickpea and MCF concentrates seem to reflect the dietary levels and intakes of these long-chain unsaturated FA. However, high intake of LA is known to inhibit the complete FA biohydrogenation (BH) in the rumen environment (Jenkins and Adams 2002) . The reduced BH results in an increase of milk content in LA and other FA intermediates of the saturation process of dietary unsaturated FA to stearic acid, among which VA and RA. Accordingly, both VA and RA originate in the rumen: the VA is formed by the incomplete BH of dietary LA and ALA, and also by the isomerisation of OA, whereas the RA is formed at the first step of BH of dietary LA. However, the most part of RA is derived from the VA flowing from the rumen and transformed in the mammary gland through the activity of D-9 desaturase enzyme system Jenkins et al. 2008) . Therefore, in the present study, the higher LA intakes with chickpea diet and, to a greater extent, with MCF diet may have interfered with the ruminal microflora by reducing their BH activity and increasing the milk content of VA and RA. An increase of VA and RA was also observed in the intramuscular fat of meat from lambs fed chickpea Bonanno et al. 2012) .
The higher milk percentage of VA and RA, and the consequent lower content of stearic acid, in milk from MCF diet than in chickpea milk can be related to the higher dietary LA intake of ewes fed MCF, that could have more strongly inhibited the BH activity of ruminal microflora.
Moreover, the higher amounts of stearic acid, as well as OA, observed with chickpea concentrate, and to a lesser extent with MCF, could be derived from the mobilisation of lipids in adipose tissues (Chilliard et al. 2003) as a result of the negative energy balance that the lower milk yield and the lack of improvement in body condition of ewes fed chickpea seem to suggest.
With regard to the lower mammary D-9 desaturase activity with chickpea and MCF diets, a similar effect was observed in dairy ewes fed a supplemented diet with soybean oil (Mele et al. 2006) , suggesting an effect of the dietary lipid supplement also in this case. However, the DR of C14:0, that provide the best estimation of the mammary D-9 desaturase activity (Corl et al. 2001) , did not differ among treatments. Therefore, the higher amounts of the substrates for the desaturation activity (C18:0 and VA) in chickpea and MCF milk could also explain the lower values of the correspondent DR in comparison with milk from the other two diets.
Conclusions
The results of this study show that it is possible to supplement the diet of lactating ewes with concentrates based on protein sources consisting of legume grains alternative to soybean, such as chickpea, faba bean, or pea. Indeed, legume grain-based concentrates were consumed by lactating ewes more than the compared commercial feed, and showed no adverse effects on milk yield, composition, or clotting ability.
Although the three protein sources did not show differences in DM and protein intake, the faba bean and pea resulted in a higher milk yield and a higher efficiency of milk casein synthesis compared with chickpea. However, chickpea increased the milk content of trans-vaccenic and rumenic acids in comparison with faba bean and pea and, similar to the mixed concentrate, increased the level of linoleic acid, as well as total unsaturated FA, thus improving the value of the milk health-promoting index.
